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Three species are recognized in a revision of the functionally dioecious genus Aulax Berg. (Proteaceae), endemic 
to the south-western and southern Cape Province. Aulax displays marked sexual dimorphism in the inflorescences. 
The male inflorescences are lax panicles in A. pal/asia Stapf and A. umbel/ata (Thunb.) R.Br. and a lax raceme 
in A. cancel/ata (L.) Druce. The female inflorescence is a cupule·like structure at anthesis, becoming closed and 
serotinous in A. umbel/ata and A. cancel/ata but remaining partly open and non-serotinous in A. pal/asia. It is 
suggested that the female inflorescence is derived from a monoecious panicle by the fusion and incurving of 
the axillary inflorescence branches and associated flowers around a central raceme of female flowers. The 
inflorescence of Aulax pal/asia represents the most primitive surviving stage in which the widely splayed axillary 
inflorescence branches bear female as well as pedicellate and pedunculate sterile male flowers. Aulax umbel/ata 
is further reduced with pedicellate (no longer pedunculate) sterile male flowers occasionally produced on the 
axillary inflorescence branches which are now fused into incurved woody fascicles, smooth proximally but with 
a comb of subulate pOints of tissue distally. This comb is formed from sterile flowers and associated bracts of 
the fused axillary inflorescence branches. The most reduced and most serotinous stage is in A. cancel/ata where 
the axillary inflorescence branches are reduced to smooth incurved woody fascicles with an apical comb but 
with no trace at all of male or female flowers and their associated axes on the fascicles. It is suggested that 
the evolution of serotiny in the above reduction series has resulted from selection for the protection of the fruits 
from fire. 
Drie spesies word erken in 'n hersiening van die funksioneel tweehuisige genus Aulax Berg. (Proteaceae), wat 
endemies is tot die suidwestelike en suidelike Kaapprovinsie. Aulax toon duidelike tweeslagtigheid in die bloeiwyse. 
Die manlike bloeiwyse bestaan uit blompluime in A. pal/asia Stapf en A. umbel/ata (Thunb.) R.Br. en 'n tros in 
A. cancel/ata (L.) Druce. Die vroulike bloeiwyse is 'n kupuul-agtige struktuur by antese en raak geslote en serotinies 
in A. umbel/ata, A. cancel/ata en A. pal/asia. Dit wil voorkom asof die vroulike bloeiwyse ontstaan het uit 'n eenhuisige 
blompluim deur die vergroeiing en inbuiging van die asstandige bloeiwysevertakkings en geassosieerde blomme 
rondom 'n sentrale tros van vroulike blomme. Aulax pal/asia verteenwoordig die mees primitiewe oorlewende stadium 
waarin die wyd·oopgespreide asstandige bloeiwysevertakkings die vroulike sowel as die gepedeselleerde en 
gepedenkuleerde steriele manlike blomme dra. Aulax umbel/ata is verder gereduseer met gepediselleerde (nie 
meer gepedunkuleerde) steriele manlike blomme wat soms gedra word op asstandige bloeiwysevertakkings wat 
hier saamgesmelt is in 'n ingebuigde houtagtige bondel wat proksimaal glad is maar distaal 'n kam van elsvormige 
uitgroeiings het. Hierdie kam word gevorm deur steriele blomme en geassosieerde skutblare van die vergroeide 
bloeiwysevertakkings. Die mees gereduseerde en mees serotiniese stadium word aangetref in A. cancel/ata waar 
die asstandige blomvertakkings gereduseer is tot gladde ingebuigde houtagtige bondels met 'n apikale kam maar 
sonder 'n teken van manlike of vroulike blomme of hul geassosieerde asse op die bondels. Dit wil voorkom asof 
die evolusie van serotinie in bogenoemde reduksiereeks die gevolg is van seleksie vir die beveiliging van die vrug 
teen brande. 
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Introduction found no evidence of male flowers' (Johnson & Briggs 1975), 
concerning the female inflorescences; - again stressing the 
absence of male flowers in the female inflorescence, clearly 
indicates that their study material was not A. pal/asia or had 
been misidentified as that species, for such undoubtedly sincere 
yet erroneous observations to have been made. 
Au/ax Berg., a small functionally dioecious genus confined 
to the south-western and southern Cape, displays the highest 
degree of sexual dimorphism in the African Proteaceae. Its 
relationship to other African Proteaceae has elicited con-
siderable interest and published discussion, much of it con-
tradictory and invariably based on incomplete and even 
erroneous data. The evolutionary and systematic position of 
Aulax was discussed by Haber (1966), Johnson & Briggs 
(1963), Rao (1969, 1971) and again by Johnson & Briggs 
(1975), largely on the basis of the morphologically rather 
similar A. cancel/ata (L.) Druce and A. umbel/ata (Thunb.) 
R.Br. The latter authors apparently did not examine true A. 
pal/asia Stapf which has a complex female inflorescence -
morphologically monoedous but functionally dioecious - and 
is crucial to any discussion of the genus. All these authors 
saw no living material but relied on herbarium specimens, or 
in one instance, liquid-preserved material. The comments of 
Johnson & Briggs are misleading in that they contradict Rao's 
statement that the female inflorescence is surrounded by 
structures bearing male flowers and also question Stapf's 
(1912) description of 'arrested (J' flowers' on the axillary 
inflorescence branches. Their concluding remark, 'we have 
However, as will be shown here, the female inflorescence 
of A. pal/asia is consistently surrounded by branches bearing 
abortive male flowers as well as functional female flowers, 
while in A. umbel/ata abortive male flowers are occasionally 
produced on the axillary branches of the female inflorescences. 
Only in A. cancel/ata are abortive male flowers completely 
absent from the female inflorescence. 
This paper re-examines the inflorescence morphology of 
Aulax, reviews its systematic position within the Proteaceae 
in the light of new data presented here and provides a 
taxonomic revision of the genus, the first since Stapf's revision 
of 1912. 
Materials and Methods 
This study is based on living material and also herbarium 
specimens in the following South African and European 
herbaria: - BM, BOL, K, NBG, NY, PRE, S, SAM, STE 
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Figure 1 Au/ax umbel/ala. (1) Female flowering shoot with cupules; (2) vertical section through a cupule showing female flowers on central 
axis; (3) cupule fascicle with subtending leaves; (4) female flower; (5) gynoecium; (6) male flowering shoot; (7) single male raceme; (8) male flower 
showing pedicel; (9) perianth segment of male flower with anther attached, (10) style and pollen presenter from male flower. 
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and UPS. Apart from extensive field studies on all three 
species at various localities within their distribution ranges 
during the past 10 years, living collections raised by the author 
and cultivated at Kirstenbosch Botanic Garden were also 
extensively used. Pollen studies were undertaken on a Cam-
bridge S 200 scanning electron microscope. 
The inflorescences 
Both male and female flowering shoots bear several pedun-
culate, compound inflorescences clustered towards the apex 
of each flowering shoot, opening in basipetal succession 
(Figures 1, 2 & 3). 
Male 
The male inflorescence is either a lax pedunculate panicle or, 
by reduction, a lax raceme. In A. pal/asia and in A. umbel/ala 
the panicle displays first-order branching but in A. cancel/ala 
it is always reduced to a lax raceme (Figure 3). Each raceme 
is prominently pedunculate and the male flowers are pedicel-
late, the pedicels being persistent. 
Female 
Unlike the relatively simple male inflorescence, the female 
inflorescence is a complex structure. Female flowering shoots 
of Aulax terminate in an umbellate cluster of foliaceous, 
cupule-like, compound inflorescences ('cones'), opening in 
basipetal succession and becoming woody infructescences as 
they mature (Figures 1, 4 & 5). 
In A. pall asia a central axis of racemosely arranged female 
flowers is surrounded by an apparent whorl of reduced, partly 
fused, axillary inflorescence branches (Figure 6). These axillary 
inflorescence branches are either simple or dichotomous and 
Figure 2 Basipetal arrangement of compound female inflorescences 
(cupules) on a female flowering shoot in all Au/ax species. 
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proximally bear one or two pedicellate, functional female 
flowers with up to four solitary pedicellate sterile male flowers 
on short peduncles, in a distal position. Both female and male 
flowers are borne on the adaxial surface of the short axillary 
branches, the subtending leaves being confined to the abaxial 
surface. The short axillary inflorescence branches curve slightly 
adaxially towards the distal end where they terminate in a 
cluster of fused sterile inflorescence axes and subulate floral 
bracts, each floral bract subtending a small subulate wedge 
of tissue representing a vestigial sterile male flower. Examina-
tion of a wide range of fresh material gathered in the field, 
and also herbarium collections indicates that male flowers on 
the axillary inflorescence branches in A. pal/asia are sterile 
with the anthers reduced to staminodes. Solitary, pedicellate, 
sterile male flowers, each with a subtending floral bract at 
the base of the pedicel are borne on an ebracteate stalk of 
tissue in A. pallasia which becomes decurrent with the axillary 
inflorescence branch and must therefore represent the peduncle 
of a male inflorescence. As each solitary pedicellate sterile male 
flower is also pedunculate, they are here interpreted as highly 
reduced single-flowered male inflorescences, derived from a 
multiple-flowered raceme (Figure 7). The alternately arranged 
axillary inflorescence branches are so compressed around the 
central axis of female flowers as to form an apparent whorl 
of branches or fused branches (here termed fascicles) forming 
a loose, open, poorly differentiated cupule surrounding or 
enclosing the central column of female flowers (Figure 5). 
In A . umbellala the axillary inflorescence branches are fused 
into 8 to 15, woody comb-like fascicles, in which remnants 
of the axillary inflorescence axes are barely perceptible and 
the male and female flowers on these branches together with 
their subtending bracts are usually reduced to sterile subulate 
points of tissue. However, sterile male flowers are occasionally 
found on the fused axillary inflorescence branches in A. 
umbel/ala (Figure 8) while sterile female flowers appear very 
rarely on the axillary inflorescence branches. (Approximately 
one female plant in 100 exhibits this condition in wild 
populations.) When present, the sterile male flowers on the 
axillary inflorescence branches of female A. umbellala inflores-
cences are pedicellate but not pedunculate (as they are in A . 
pallasia), with the peduncular tissue reduced to a decurrent 
ridge on the adaxial surface of the fascicle. 
An even more reduced condition is seen in A. cancel/ala 
A cancel lata 
Figure 3 Basipetal arrangement of male inflorescences on male 
flowering shoots. Male inflorescences are paniculate in Au/ax pal/asia 
and A. umbel/ala (left) and racemose in A . cancel/ala (right). 
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Figure 4 Au/ax pal/asia female flowering shoot showing open cupules (left); male flowering shoot showing paniculate inflorescences (right). 
Figure 5 Woody serotinous cupules after all fruits have dehised in Au/ax pal/asia (A) and A. cancel/ala (8). Note the incompletely fused axillary 
inflorescence branches (fascicles) in A . pal/asia (A) bearing large attachment scars of female flowers and short lignified pedicels of the sterile 
male flowers with subtending bract and basal peduncular tissue. The axillary inflorescence branches (fascicles) in A . cancel/ala (8) show no flower 
attachments, only an apical comb formed by fused bracts. 
where no trace of the axillary inflorescence branches can be 
seen on the woody fascicles and the vestigial male and female 
flowers together with their subtending bracts and pedicels are 
reduced to subuJate points of tissue at the apex of each fascicle 
(Figures 7 & 5). 
Inflorescence reduction series 
The reduction series described above indicates various stages 
in the evolution of the serotinous cupule-like infructescence 
through progressive fusion, adnation and condensation of 
axillary male and female racemes or panicles. It is here 
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Figure 6 Au/ax pal/asia (1) vertical section through female inflorescence showing female flowers and sterile male flowers on axillary inflorescence 
branches, x 2; (2) an axillary inflorescence branch showing functional female (9) and sterile male flowers (0'); vestigial male flowers reduced 
to a subulate stump of tissue (S.b.) subtended by a floral bract occur distally on each axillary inflorescence branch, x 4; (3) shortly pedicellate female 
flower with subtending floral bract, x 5,6; (4) gynoecium, x 5,6; (5) pedicellate sterile male flower with subtending bract; (6) two perianth limbs 
of a sterile male flower with anthers reduced to staminodes, x 5,6. 
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Figure 7 Reduction series in axillary inflorescence branches (fascicles) in the female inflorescences of Aulax. (A) A. pallasia, showing an axillary 
inflorescence branch with pedicellate and pedunculate sterile male flowers representing reduced multi-flowered racemes and a pedicellate, functional 
female flower. Vestigial male flowers (reduced to subulate stumps of tissue) with subtending floral bracts occur towards the end of each branch; 
(B) A. umbellata, showing vestigial sterile male flowers and their pedicels reduced to subulate stumps of tissue subtended by a floral bract, borne 
on peduncular bases; (C) A. cancellata in which male and female flowers, their subtending bracts, pedicels and peduncles are reduced to a comb 
of subulate stumps of tissue at the apex of each cupule fascicle. 
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Figure 8 Au/ax umbellata, showing an occasionally occurring form with sterile male flowers on the axillary inflorescence branches of a female 
inflorescence. Left - sterile male flowers in bud; right - sterile male flowers open. fb = floral bract, p = pedicel, s.m. = sterile male flowers . 
(From Rourke 1810). 
postulated that the generalized ancestral form from which 
Au/ax might have evolved would have had a monoecious 
paniculate inflorescence with pedicellate female flowers ar-
ranged in a lax raceme towards the apex of a flowering shoot, 
with axillary racemes of pedicellate female flowers lower down 
the shoot and below these, panicles of pedicellate male flowers 
(Figure 9a) - a pattern which agrees in general with Johnson 
& Briggs' (1975) concept of the primitive proteaceous in-
florescence. 
Among living species of Au/ax, A. pal/asia clearly represents 
the least reduced (and probably most primitive) condition 
showing partial fusion of male and female axillary inflores-
cences into laxly condensed, outwardly spreading fascicles 
bearing fertile female and sterile male flowers. The solitary 
sterile male flowers are pedicellate and pedunculate, indicating 
reduction from a many-flowered pedunculate raceme of male 
flowers. Though functionally dioecious, A. pal/asia is morpho-
logically monoecious (Figure 9b). 
Au/ax umbel/ala represents a further stage in the reduction 
process with the axillary inflorescences fused into incurved, 
slightly ridged fascicles, occasionally bearing sterile male 
flowers now further reduced to being merely pedicellate 
instead of pedunculate and pedicellate, and, more rarely, 
sterile female pedicellate flowers on the fused axillary inflores-
cence axes. Here the morphological condition of monoecy has 
largely been eliminated (Figure 9c). 
The most reduced stage is seen in A. cancel/ala where the 
cupule fascicles are very strongly incurved with no trace 
whatever of male or female flowers either sterile or fertile, 
on the proximal portion of their supporting axes. Here fusion 
and adnation of the axillary inflorescence axes is so complete 
that the cupule fascicles are smooth adaxially except for the 
terminal brush on each fascicle formed by the apices of the 
axillary inflorescence axes and their associated bracts. In A. 
cancel/ala there are thus no morphological traces of monoecy. 
A. cancel/ala is the only species in the genus which is di-
oecious, both functionally and morphologically (Figure 9d). 
Serotiny 
At anthesis, the compound female inflorescence is green and 
cartilaginous in all Au/ax species but during the post-pollina-
tion phase different modes of development become evident 
in the different species. In A. pal/asia the infructescences 
remain cartilaginous and partially open with the mature fruits 
exposed for 12 to 15 months after pollination by which stage 
they are gradually released. Thus, A. pal/asia cannot be 
regarded as serotinous (Figure to). 
However, the infructescences of A. umbel/ala and A. 
cancel/ala become progressively lignified in the post-pollination 
phase. In both these species the fascicles formed by the 
reduced axillary inflorescence axes close over the central axis 
to form a spherical, heavily lignified, serotinous cupule, 
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Figure 9 (a) Hypothetical monoecious paniculate inflorescence from which the present female inflorescence of Aulax might be derived; (b) Schematic 
representation of a female Aulax pallasia inflorescence. The spreading axillary inflorescence branches form a pseudowhorl bearing pedicellate 
functional female flowers proximally, pedicellate and pedunculate sterile male flowers in a median position and flowers reduced to a sterile stump 
of subulate tissue subtended by floral bract in a distal position. (c) Schematic representation of a female inflorescence in some specimens of 
Aulax umbellata. The axillary inflorescence branches are incurved and sometimes bear sterile male flowers which are pedicellate but no longer 
pedunculate; (d) Schematic representation of a female inflorescence in Aulax cancellata. There are no traces of flowers on the axillary inflorescence 
branches except distally where they are represented by sterile subulate stumps of tissue subtended by floral bracts which are fused to form a 
comb-like structure at the apex of each cupule fascicle. 
completely enclosing the mature fruits (Figure 11). These 
serotinous infructescences (cupules) retain their fruits for up 
to six years. From about the sixth year they gradually begin 
to open releasing their fruits. 
Bond (1985) reviewed the occurrence of canopy-stored seed 
reserves (serotiny) in southern African Proteaceae, noting that 
serotinous species occur in three genera, namely Leucadendron 
L., Protea L. and Au/ax Berg., although the specific examples 
cited referred only to Leucadendron and Protea. It was 
stressed that serotiny is comparatively weakly developed; that 
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Figure 10 Au/ax pal/asia. Female inflorescence viewed from the side 
(L) and above (R), 10 months after pollination. Note the loosely incurved 
axillary inflorescence branches clasping the partially exposed pubescent 
fruits. The discrete ribbed axes of the axillary inflorescence branches 
are clearly visible (from Rourke 1842). 
seed is seldom stored for more than five or six years; that 
fire is not always essential for seed release and that the 
contribution of viable seeds to the seed store from two-year 
old and older infructescences in the case of Protea repens (L.) 
L. and Leucadendron conicum Lam., was small (Bond 1985). 
Both A. umbellata and A . cancellata behave in a similar 
manner with the infructescences retaining their fruits for five 
to six years, rarely longer, after which the cupules begin to 
open spontaneously, shedding their fruits (Figure 12). A 
germination experiment to test seed viability in A . umbellata 
fruits indicated a falling off in viability from 73,2% in fruits 
just over one year old to 32070 in fruits from six-year old 
serotinous cupules, thus agreeing well with Bond's findings 
in certain species of Pro tea and Leucadendron (Table 1). 
Pollen 
Initial studies on the pollen morphology revealed that the 
grains are 'nearly circular' (Van Zinderen Bakker 1953). This 
was later confirmed by Erdtman (1966) and Rao (1969). The 
latter author laid considerable emphasis on the taxonomic 
importance of spherical pollen in Aulax using this as an 
important character in his argument to raise the genus to the 
rank of a unigeneric tribe, as the tribe Aulaceae (Aulaxeae) 
(Rao 1969). 
My own SEM studies of pollen from all three Aulax species 
indicate that while the pollen is nearly spherical in equatorial 
view, the triporate pollen grains are also obtusely triangular 
in polar view indicating that the nearly spherical condition 
is probably derived from the trianglar form (Figure 6). 
Proteaceous pollen with a spherical amb is regarded as more 
advanced than pollen with the amb convex-triangular (John-
son & Briggs 1975). The surface sculpturing is uniformly 
rugose with fairly regularly arranged short spiny excrescences. 
No significant interspecific differences in the form, dimensions 
or sculpturing of Aulax pollen were observed (Figure 13). 
Flowering and pollination 
Flowering takes place during summer from November to 
February. Male racemes contain between 80 and 120 flowers. 
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Individual racemes open over a period of several weeks with 
two to four flowers opening per day. Both male and female 
flowers in all three species are bright yellow and have a fresh 
slightly fruity yet scarcely perceptible odour. 
The anthers do not discharge all their pollen onto the pollen 
presenter at anthesis (as in most other southern African 
Proteaceae) but stand erect from the perianth limbs, still 
carrying substantial pollen loads. Although completely free 
to the base, the male perianth segments remain closely ad-
pressed around the style base on opening, forming a 'tube' 
with the four perianth segments spreading at right angles. At 
anthesis, a minute nectar droplet forms around the base of 
the vestigial ovary but disappears within a few hours either 
through evaporation or removal by a pollinator. 
The pollen is slightly sticky, adhering to anthers and pollen 
presenter and remaining clumped together. Aulax pollen is 
not wind dispersed unless the entire anther or perianth is 
blown away, suggesting the need for an insect or other animal 
vector to effect cross pollination. No nectar is produced by 
the female flowers . 
Despite much time (over a period of several years) spent 
in the field during daylight hours (10 am - 5 pm), few obvious 
pollinators have been observed or captured. The most success-
ful observations were made on A. umbellata at Kleinmond 
where several Hymenoptera, notably Scolio chrysotricha 
(Scoliidae) Allodape panurgoides (Anthophoridae), Coletes sp. 
(Colletidae), an unidentified wasp of the Scoliidae and various 
Hoplinii beetles (Scarabaeidae) were captured with Aulax 
pollen adhering to their bodies. These were mainly taken on 
male flowers though the unidentified Scoliidae wasp and one 
Hoplinii beetle were taken on female flowers. Since only male 
flowers produce nectar it is to be expected that visits to female 
flowers producing no reward would be fewer. Several other 
Hymenoptera were also captured mainly on male flowers but 
were not carrying pollen on their bodies. 
Effective cross pollination is achieved as the infructescences 
of all three species contain a high percentage of viable fruits 
despite the apparently infrequent visits by pollinators to female 
flowers. However as the flowering process on a single plant 
extends over at least two and even up to three months in any 
given Aulax population, the few pollinators active on anyone 
day are probably adequate in relation to the number of 
functional male and female flowers, to achieve cross pol-
lination. 
These observations are of necessity preliminary. A com-
prehensive and detailed study on the pollination of all Aulax 
species would be highly desirable. 
Supra-generic classification 
Aulax was originally placed in the tribe Proteeae by Meisner 
(1856) where it remained until Venkata Rao assigned the genus 
to a unigeneric tribe Aulaceae - published as 'Aulaxeae' -
(Rao 1969). This was later confirmed by Rao (1971) who 
additionally proposed a revised classification of the subfamily 
Proteoideae in which the tribe Proteeae was divided into two 
subtribes, the subtribe Leucadendrinae Rao containing a single 
genus Leucadendron with the subtribe Proteinae accommo-
dating the remaining genera of the former tribe Proteeae. 
In their new classification of the Proteaceae, Johnson & 
Briggs (1975) also re-defined the tribe Proteeae, dividing it 
into two subtribes, the subtribe Aulacinae Johnson and Briggs 
which included Leucadendron as well as Aulax, and the 
subtribe Proteinae. Their interpretation of the female in-
florescence in Aulax as being devoid of male flower-bearing 
structures, the occurrence of dioecy in both genera as well as 
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Figure 11 Female inflorescences (cupules) of Au/ax umbel/ala (a & b) and A. cancel/ala (c & d) at various stages from anthesis to 1 year after 
pollination. (a) A. umbel/ala with axillary inflorescence branches open at anthesis; (b) A. umbel/ala one month after pollination with axillary 
inflorescence branches closed over central raceme of flowers: lateral view; (c) A. cancel/ala, one month after pollination with axillary inflorescence 
branches closed over central raceme: apical view; (d) A. cancel/ala vertical section through a one-year old serotinous cupule showing mature fruits 
enclosed by incurved fascicles formed from fused axillary inflorescence branches. 
the overall vegetative similarity between Aulax and Leuca-
dendron were among the main reasons leading to their 
placement of these two genera in the same subtribe. 
However, as has been demonstrated here, this interpretation 
of the inflorescence in Aulax is not in accordance with the 
observed facts. The glandless, pedicellate flowers (male and 
female), almost spherical pollen and partially monoecious 
inflorescences which are either paniculate or show traces of 
having been reduced from a panicle, are considered sufficient 
grounds for following Rao (1969) and assigning Aulax to 
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Figure 12 Serotiny in Aulax umbel/ata. A female branch gathered in 
January 1987 showing serotinous cupules retained for up to six years. 
Each cluster of cupules is produced towards the end of an annual growth 
flush. 
Table 1 Fall-off in viability of fruits from serotinous 
'cupules' of Aulax umbel/ata. The fruits were harvested 
at Fernkloof, Hermanus, in December 1973. Cupules 
were gathered sequentially from six previous flowering 
seasons. Viability is here taken to be the percentage 
of seedlings which had actually germinated 6 months 
after sowing 
Percentage germination of 
Cupule fruits based on sample of 
Calendar year age (years) 200 fruits from each year 
1972 73,21170 
1971 2 55 ,61l7o 
1970 3 56,01170 
1969 4 42,61l7o 
1968 5 40,01l7o 
1967 6 32,01170 
1966 7 Cupules dehisced 
spontaneously; fruits shed 
a unigeneric tribe Aulaceae Rao. At this stage it is not appro-
priate to pursue a discussion of the supra-generic classification 
of the southern African Proteaceae. This matter will be dealt 
with in a future publication. 
Morphological studies on ovule development also suggest 
that Aulax and Leucadendron are not closely related. lordaan 
(1944) investigated the embryology and ovule development in 
S.-Afr. Tydskr. Plantk., 1987, 53(6) 
16 South African species of the tribe Proteeae, representing 
nine genera. Leucadendron, Leucospermum, Mimetes, Ser-
ruria, Spatal/a and Paranomus were found to be so similar 
in their ovule development that they were placed in a single 
group, termed the 'Leucospermum group' while Protea, 
Faurea and Aulax stood apart from the 'Leucospermum 
group' on the basis of their ovule development (Jordaan 1944). 
Discussion 
Some authors have assumed a close relationship between 
Aulax and Leucadendron merely because both genera are 
dioecious while the significant morphological differences 
between these genera discussed above have largely been 
ignored (Table 2). These differences point to the isolation of 
Aulax within the subfamily Proteoideae, there being no 
southern African genera which can be considered closely allied 
to Aulax. Dioecy has probably been evolved independently 
in both Aulax and Leucadendron through different phyletic 
lines. While it has been shown here that dioecy in Aulax has 
clearly been evolved from a monoecious condition, there is 
no clear indication at this stage as to how dioecy evolved in 
Leucadendron. 
It is also evident that fire has been a major selective force 
in the evolution of the serotinous cupule-like female inflores-
cence, probably from a laxly branched monoecius panicle. 
The condensation, fusion and reduction of the inflorescence 
axes, peduncles, pedicels, bracts and flowers of such an 
inflorescence, into woody incurved fascicles arranged in 
pseudowhorls around, (and eventually enclosing), a central 
raceme of female flowers to form a serotinous cupule, has 
almost certainly been the result of selection for the protection 
of the fruits within a fire-resistant infructescence. Morpho-
logically, the cupule is most reduced (and probably most 
advanced) in A. umbel/ata and particularly in A. cancel/ata, 
both serotinous seed regenerators and both dependent for their 
survival on the protection of their fruits from destruction by 
Table 2 Principal differences between Aulax and 
Leucadendron 
Aulax 
(I) Male and female flowers 
pedicellate 
(2) Male and female flowers 
without glands 
Leucadendron 
(I) Male and female flowers 
sessile 
(2) Male and female flowers 
with hypogynous scales 
(glands) [except in Lecau-
cadendron sericeum 
(Thunb.) R.Br.; L. nitidum 
Buek ex Meisn.; L. erici-
folium R.Br. and L. 
dubium Buek ex Phil! . 
Hutch.) 
(3) Pollen triangular (3) Pollen almost spherical 
(4) Chromosome number n 
(De Vos 1943) 
II (4) Chromosome number 
n = 13 (De Vos 1943) 
(5) Male inflorescence laxly 
paniculate (2 species) or a lax 
raceme reduced from a 
panicle (I species) 
(6) A . pal/asia morphologically 
monecious though functionally 
dioecious; A. umbel/ata occa-
sionally morphologically 
monecious though functionally 
dioecious; A . cancel/ata 
morphologically and func-
tionally dioecious . 
(5) Male inflorescence a dense 
capitulum, or raceme 
(6) All Leucadendron species 
are dioecious except L. 
eucalyptifolium Buek ex 
Meisn in which monecious 
plants have been reported 
from some populations (J. 
Midgley, pers. comm.) 
S. Afr. J. Bot., 1987, 53(6) 475 
Figure 13 SEM pollen studies on Aulax. (A) A . umbellata, equatorial view (Rourke 1176); (B) A . cancellata, equatorial view (Rourke 981); 
(C) A. umbellata polar view (Rourke 1176); (D) A. cancellata, polar view (Rourke 981); (E) A. umbellata, scupturing (Rourke 1176); (F) A. 
cancellata, scupturing (Rourke 981). In A, B, C & D each spacebar = lO!Lm and in E & F each spacebar = 3 !Lm. 
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Figure 14 Fruit types in Au/ax. (1) A. pal/asia; a densely pubescent 
achene with 6 vertical ridges; (2) A . cancel/ata, a densely pubescent 
achene with 4 vertical ridges, the 4 quarters being reticulately scuptured. 
fire. Conversely, the most primitive morphological condition 
of the female inflorescence persists in the non-serotinous A. 
pal/asia, a long-lived rootstock regenerator that survives 
regular and frequent burning. 
Indeed, the evolutionary advancement of the female cupule 
appears to be directly related to the individual species response 
to surviving fire (i.e. whether they are a seed or rootstock 
regenerator). Without a Iignotuber, fire survival in Aulax 
depends on the evolution of serotiny or some other seed-
protecting device. The considerable modifications to the 
female inflorescences in the two seed regenerators (A. umbel-
lata and A . cancel/ata) appear to have taken place to meet 
that adaptive need. 
By contrast the male inflorescences have apparently under-
gone little modification. Apart from the order of branching 
being reduced from paniculate in A. pal/asia and A. umbel/ata 
(presumably the primitive condition) to racemose in A. 
cancel/ata, the male inflorescences of all three species have 
remained comparatively simple and unspecialized. 
Such marked disparaties between male and female suggest 
that selection pressure has had little effect on male Aulax plants 
but has acted primarily in respect of propagule survival, hence 
the profound morphological modifications to the female 
inflorescence that have occurred under conditions in which 
Aulax has been a component of a vegetation type subject to 
frequent cyclical bush fires. 
In the structure of both male and female inflorescences 
A. pal/asia has retained the least-reduced, most-unspeciaIized 
morphological features. It may be significant that the survival 
of the most primitive inflorescence morphology in Aulax has 
occurred in a lignotuberous species, especially since the 
inflorescence structure and the capacity for the fruits to survive 
fire are linked. 
Systematic treatment 
Aulax Berg., Descriptiones Plantarum ex Capite Bonae 
Spei: 33 (1767); Salisb.: t.67 (1807); Knight: 14 (1809); R.Br. : 
49 (1810); Meisn.: 211 (1856); Stapf: 505 (1912); Phill.: 258 
(1951); Hutch.: 292 (1967); Rao: 238 - 251 (1969); Rao: 21, 
66, 84, 115, 176 (1971). Type: A. cancel/ata (L.) Druce. (phill.: 
258, 1951). 
Erect, glabrous, functionally dioecious or dioecious shrubs. 
Leaves alternate, entire, glabrous, acicular to linear-spathulate. 
S.-Afr. Tydskr. Plantk. , 1987, 53(6) 
Male flowers: pedicellate, in lax terminal spike-like racemes 
pedicels persistent. Perianth glabrous, cylindric, straight; limb~ 
and claws merging imperceptibly, linear-acute, separating to 
the base. Anthers subsessile, filaments attached at base of 
perianth limbs. Style straight, terete, thickened towards apex. 
Hypogynous scales absent. Female flowers in densely involu-
crate, globose, foliaceous heads; flowers pedicellate, arranged 
racemosely on a central column, usually enclosed in a cupule 
formed by incurved fascicles of reduced side branches the 
side branches occasionally bearing male or male and fe~ale 
flowers. Perianth glabrous, narrowly ampuIIaceous, widened 
proximally, tapering distally, fused in tube region; limbs linear-
lanceolate, recurved at anthesis . Staminodes filiform-linear. 
Style terete, slightly curved, pubescent proximally, bilobed or 
terminating in an oblique stigmatic disc. Ovary ovoid, densely 
pubescent. Ovule solitary. Hypogynous scales absent. Fruit 
an obovoid to somewhat compressed achene, truncate at base, 
with long, dense, white cilia on the median ridge (Figure 14). 
Na'!1e: From the Greek aulax, a furrow, apparently 
refernng to the channelled leaves in A. cancel/ata. 
Key to the species of Au/ax 
1 Female flowers borne on central inflorescence axis and also on 
I axillary branches .... . ................ .. ... .......... .. .. A. pal/asia (I) 
1 Female flowers borne only on central inflorescence axis 
2 Leaves acicular, only very rarely tending to narrowly linear-
spathulate, terete or subterete, 0,5 - 3 mm wide ...... ...... .. .. 
.. ............ .. .. . .... .. ... .. ..... .. ... .. ... . ... .. ..... A. cance/lata (3) 
21 Leaves linear-spathulate to oblanceolate, flat, 2 - 15 mm wide 
.................................. .. ........ ............ A. umbel/ata (2) 
(1) Aulax paUasia Stapfin Flora Capensis 5: 508 (1912). 
Type: In clivis montis Winterhoeksberg, prope Tulbagh, Bolus 
5226 (K!, lecto., here designated; BOL!, iso. lecto.) 
An erect, sparsely branched shrub up to 3 m in height, with 
numerous branches arising from a large subterranean root-
stock. Branches glabrous, reddish tinted, 2 - 5 mm in diam. 
Leaves acicular-linear to Iinear-spathulate, 40 - 110 mm long, 
1 - 5 mm wide, semiterete to flattened . Male inflorescence: 
a lax, terminal, pedunculate raceme or panicle 30 - 60 mm long 
surrounded by similar racemes or panicles clustered in the axils 
of uppermost leaves on a flowering shoot. Male flowers 
pedicellate, pedicel up to 5 mm long, subtended by a subulate 
f1~ral bract 2 - 3 mm long. Perianth 8 - 10 mm long, cylin-
dnc, the segments linear-Ianceolate, separating to the base. 
Anthers linear, standing erect at anthesis. Style filiform, 6-
7 mm long, becoming subterminally swollen into a 
clavate - cylindric pollen presenter. Female inflorescence: an 
umbellate cluster of open cupules, each cupule having a central 
conic column bearing racemosely arranged pedicellate female 
flowers, surrounded by 8 -12 incurved glabrous to puberuious 
lateral branches bearing pedicellate female flowers and pedicel-
late sterile male flowers, each branch terminating in sterile 
subulate floral bracts. Perianth of female flowers narrowly 
ampu~aceous, 10 mm long, the limbs tapering terminally, 
becommg equally recurved at anthesis; anthers vestigial . Style 
5 - 8 mm long, straight, densely lanate proximally, clavate 
and bilobed at apex. Ovary ovoid, very densely covered with 
long, straight, white hairs. Fruits obovoid 6 - 8 mm long, with 
6 prominent vertical ridges, fringed with cilia. 
Diagnostic characters: The presence of female flowers (and 
some sterile male flowers) on the axillary branches, as well 
as female flowers on the central axis of the female inflores-
cence, make A. pal/asia readily distinguishable from other 
species in the genus. 
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Figure 15 Distribution of Aulax in the Cape Province. 
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A. pallasia 
A.umbellata 
A.cancellata 
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A. pal/asia is a montane species, occurring mainly on soils 
derived from Table Mountain Group Sandstone, at elevations 
of 800 to 2000 m. It ranges throughout the western Cape, 
from the southern Cedarberg to the Langeberg at Swellendam, 
but is absent from the southern Cape. Never abundant at any 
one locality, it tends to be rather solitary, only rarely forming 
small scattered groups. A massive subterranean rootstock, 
from which coppice shoots rapidly regenerate, enables the 
mature plant to survive repeated veld fIres. Flowering takes 
place from January to April (Figure 15). 
Specimens examined 
-3218 (Clanwilliam): Between Avontuur Hill and Zebra Kop ( - DB), 
Nov. female, Pillans 7378 (BOL); Top of VersveId's Pass (- DC), Feb., 
Zinn s.n. (SAM 54452 & 54628). 
-3219 (Wuppertal): Old EIands KIoof ( - CA), March, Compton 22681 
(NBG); Schoongezicht Peak, Cold Bokkeveld, April, Esterhuysen 21309 
(NBG); 30 km SE of Citrusdal on sandy flats, March, Hardy 1636 
(PRE, STE); Between De Keur and Boboskloof, Jan., Williams 681 
(NBG); Rosendal (- CD); Sept., female, Compton 5011 (NBG). 
-3318 (Cape Town): Jonkershoek (- DD), Jan., van der Merwe 2017 
(STE). 
-3319 (Worcester): Great Winter hoek ( - AA), April, Phillips 1847 
& 1848 (SAM); Rocklands Peak, June, female, Esterhuysen 24332 
(BOL); 4 km beyond Gydouw Pass, Oct., female, Hutchinson 1014 
(K); Hansiesberg ( - AB), Feb., Rourke 1032 (NBG); Witzenberg near 
Tulbagh ( - AC), female, Burchel/ 8695 (K); Agter Witzenberg, Nov., 
Lewis 5364 (NBG); Waaihoek Mountains, Tuesday Peak ( - AD), April, 
Galpin 12740 (K, PRE); Plateau east of Baviaansberg (- BA), July, 
female, H. C. Taylor 5812 (NBG); Matroosberg, north side (- BC), 
Aug., female, Esterhuysen 18732 (BOL); SW foot of Du Toit's Peak 
(- CA), Feb., Esterhuysen 24157 (BOL); In lapidosis Du Toit's KIoof, 
April, Marloth 620 (PRE); Slopes of Fonteintjiesberg (- CB), Jan., 
Ebersohn 308 (NBG); Near French Hoek (-CC), Jan., Salter 1928 
(K); Villiersdorp (- CD), July, Salter 1158 (K); Waterkloof, eastern 
slopes of Wildepaardeberg, April, Andreae 336 (PRE, STE); NE base 
of Keeromsberg (- DA), April , Esterhuysen 22873 (BOL); Grassy 
mount, south of Naudesberg, Langeberg above Koo (- DB), July, 
Rourke 1243 (NBG). 
-3320 (Montagu): Mountain peak near Swellendam ( - CD), 14th Jan 
1815, Burchell 7319 (K); Tradouw Pass (- DC), Oct., Levyns 658 (CT). 
-3418 (Simonstown): Upper Lourens River valley ( - BB), June, female, 
Parker 3889 (BOL, NBG); Sir Lowry's Pass, Jan., Schlechter 7254 (K, 
PRE). 
-3419 (Caledon): Houwhoek Mts. (- AA), 11th March 1815, Burchell 
8020 (K); Viljoens Pass, north slopes below Drostersnes, Jan., Rourke 
1842 (NBG); Baviaanskloof near Genadendal (- BA), Feb., female 
Burchell 7784 (K); Upper south slopes of Kanonkop, Genadendal, Feb., 
Rourke 350 (NBG). 
(2) Aulax umbeUata (Thunb.) R.Br. in Transactions of 
the Linnean Society of London 10: 50 (1810); Meisn.: 212 
(1856) 
Protea umbel/ata Thunb .: 32 (1781); L.f. : 118 (1781): Lam. 237 
(1792); Willd.: 520 (1798); Thunb .: 131 (1823). Type: Cape of Good 
Hope, female specimen, Thunberg s.n., sheet 2997 in herb. Thunberg 
(UPS! holo.) 
Protea aulacea Thunb.: 31, tab. 2 (1781); Lam.: 237 (1792). Type: 
Cape of Good Hope, male specimen, Thunberg s.n., sheet 2888 in herb. 
Thunberg (UPS!, holo.). 
Protea cneorifolia Salisb.: 49 (1796) - nom. supfl . Type: As for 
P. aulacea Thunb . 
Aulax cneorifolia Salisb. ex Knight: 15 (1809): Stapf: 506 (1912) -
nom. supfl. Types: As for P. aulacea Thunb. and P. umbel/ata Thunb. 
Protea lanceolata DC. ex Meisn.,: 212 (1856) - nom. nud. et non 
P. lanceolata E. Mey. ex Meisn.: 240 (1856). 
An erect shrub up to 2,5 m in height, with a single main stem. 
Leaves linear -spathulate to oblanceolate, 30 - 110 mm long, 
2-15 mm wide, narrowing to a petiolar region, apex acute 
to obtuse, minutely apiculate. Male inflorescence: a lax 
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terminal raceme, or rarely a panicle surrounded by similar 
racemes or panicles clustered in axils of the uppermost leaves 
on a flowering shoot. Male flowers pedicellate, pedicel 5-
6 mm long, subtended by a linear-subulate floral bract. 
Perianth 10 mm long, tubular-cylindric, the linear-Ianceolate 
segments separating to the base. Anthers linear, 1-2 mm 
long, erect. Style filiform, terminating in a clavate pollen 
presenter. Female inflorescence: a globose, pedunculate, 
woody cupule, covered externally with foliaceous bracts, 
flowers arranged on a central conic column, the cupule formed 
by incurved fascicles of fused axillary branches, each termi-
nating in a brush of sterile subulate bracts; axillary branches 
occasionally bearing sterile male flowers. Female flowers 
minutely pedicellate, seated on a fleshy disc, subtended by 
a lanceolate floral bract. Perianth narrowly ampullaceous, 
10 mm long, the limbs becoming equally recurved at anthesis. 
Anthers reduced to a sterile stump of tissue. Style 6 - 8 mm 
long, thickly lanate except distally, straight, terminating in a 
papillate, obliquely bilobed stigma. Ovary obovoid, covered 
with long, straight, white hairs. Fruits ovoid to obovoid, 
compressed, with 4 prominent ridges, the equatorial ridge 
thickly fringed with long, white hairs . 
Diagnostic characters: Aulax umbel/ala is distinguished by 
its flattened linear-spathulate to oblanceolate leaves, 2 -15 mm 
wide. 
Apart from an outlying population on the north slopes of 
the Riviersonderend Mountains at McGregor, A . umbel/ata 
occurs mainly along the extreme south-western Cape coastal 
belt from Sir Lowry's Pass and the Palmiet River mouth in 
the west, eastwards to Langfontein, just west of the Gouritz 
River mouth, on the southern Cape coast. It is most abundant 
in areas closely adjacent to the sea, rarely occurring at eleva-
tions above 500 m. The form and dimensions of the leaves 
are rather variable. A narrow-leaved race with straight laminas 
is found in the extreme north-west of its distribution range 
around Sir Lowry's Pass, Houwhoek and Kleinmond, while 
broader-leaved forms, usually with prominently incurved 
laminas are more frequent towards the southern end of the 
distribution range. Although some populations grow in close 
proximity to limestone deposits' in the Bredasdorp and Rivers-
dale areas, they are nevertheless confmed to sandy soils derived 
from weathered Table Mountain Group Sandstone. A highly 
gregarious species, A . umbel/ata forms dense stands, often 
covering several hectares. Flowering takes place from Novem-
ber to February (Figure 15). 
Specimens examined 
-3319 (Worcester): A few km beyond McGregor near Onverwacht, 
a small community on lower north slopes of GaIgeberg ( - DD), Dec., 
Rourke 1840 (NBG). 
-3418 (Simonstown): Sir Lowry's Pass (- BB), Feb., male. Bayliss 
2713 (NBG); Kogelberg Reserve (- BD), April, Grobler 576 (PRE, 
STE); Kleinmond, near Palmiet River, Dec., Rourke 1810 (NBG). 
-3419 (Caledon): Houw Hoek (- AA), Feb., Schlechter 7449 & 7450 
(PRE, S); Zwartberg, Caledon ( - AB), Dec., female, Marloth 10017 
(PRE); Hermanus (-AC), April, Galpin 12925 (PRE); Below 'The 
Crags', Kleinmond, July, female, Rourke 784 (NBG); Sandbaai, 
Hermanus, Dec., male, Walters 245 (NBG); Bot River, Dec., P. van 
der Merwe 2018 (PRE, STE); Shaw's Mountain Pass (- AD), Dec., 
Acocks and Hafstrom 2100 (PRE); Between Shaw's Montain and 
Hermanus, Jan., Barker 486 (NBG); Sondags KIoof ( - BC), Dec., Bond 
775 (NBG); Napier ( - BD), Feb., female, Jordaan s.n. (STE 30286); 
Gansbaai (-CB), Nov., female, Pole Evans 3633 (PRE, S); Baard-
scheerdersbosch, (- DA), Jan., Barker 5294 (NBG); Road to Pearly 
Beach, June, Maguire 34 (NBG, BOL); Springfontein, (- DB), Dec., 
Rourke 1176 (NBG); Elim, Sept., Schlechter 7622 & 7623 (PRE); 
Soetanysberg ( - DD), Dec., Rourke 1007 (NBG); Brandfontein, south 
slopes of Soetanysberg, Nov., C.A . Smith 4892 (PRE). 
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-3420 (Bredasdorp): Bredasdorp mountains (- CA), Dec., female, 
Galpin 10470 (PRE); Bredasdorp, slopes behind town, March, Levyns 
11548 (CJ); Potteberg, (- BC), Dec., Codd 9945 (PRE); Elands Pad 
farm Oct. , Pillans 9410 (BOL). 
-3421 (Riversdale): Langfontein, near Albertinia ( - BB), Dec., Muir 
857 (PRE, SAM); Langfontein, Sept. female, Muir 866 (PRE). 
(3) Aulax canceUata (L.) Druce in Botanical Exchange 
Club of the British Isles 1913 (3): 414 (1914). 
Leucadendron cancellatum L. : 91 (1753); Berg.: 326 (1766). Type: 
Boerh., Ind. Alt. Plant. t. 193 (1720) - female specimen, lecto.!, here 
designated. 
Aulaxpinifolia Berg.: 33 (1767); Knight: 15 (1809); R.Br.: 49 (1810); 
Meisn.: 212 (1856); Stapf: 505 (1912). Type: 'E. cap. b. sp.', Grubb 
s.n. in herb. Bergius - male specimen. (SBT!, lecto., here designated). 
Protea pinifolia (Berg.) L.: 187 (1771); Thunb.: 25, 50 (1781); Andr. 
t. 76 (1799); Thunb. : 127 (1823). 
Leucadendron pinifolium L.: 36 (1767). Type: Burm., Rar. Afr. 
Plant. Decas 7: 193 t. 70. fig. 3 (1739) - male specimen, lecto.!, here 
designated. 
Protea bracteata Thunb.: 27, 50 (1781) - nom. superf. Type: As 
for Leucadendron cancellatum L. 
Pre Linnean citations: 
Conophorus capensis pini folio. Petiv Gaz. t. 25 fig 7 (1704). 
Lepidocarpodendron; foliis angustissimis, gramineis; frutu cancellate; 
semine coronato, Boerh. Ind. Alt. Plant.: 193 t. 193 (1720). 
Pini Foliis Planta Africana Cyperi capitulis. Herm., Cat. P. Plant.: 
18 (1737). 
Pini foliis planta Africana, Cyperi capitulis. Burm. Rar. Afr. Plant. 
193 t. 70 fig. 3 (1739). 
An erect to suberect shrub, occasionally sprawling, 0,5 - 2,5 m 
in height, with a single main stem. Leaves acicular to very 
occasionally linear-spathulate, 45 -100 mm long, 0,5 - 3 mm 
wide, straight to incurved, terete to subterete, slightly cana-
liculate on upper surface. Male inflorescence: a lax, terminal, 
pedunculate raceme, 30 - 50 mm long, surrounded by nume-
rous similar pedunculate racemes, clustered in the axils of the 
uppermost leaves of flowering shoot; occasionally bearing side 
branches. Male flowers: pedicellate, pedicel 5 mm long, 
subtended by a linear-subulate floral bract, 5 - 7 mm long. 
Perianth: cylindric, 8 - 10 mm long, the perianth segments 
linear, separating to the base. Anthers linear, standing erect 
at anthesis. Style filiform, 6 - 7 mm long, arising from a 
vestigial ovary, becoming subterminally swollen into a cla-
vate - cylindric pollen presenter. Female inflorescence: a 
terminal, globose, pedunculate cupule, with several similar 
cupules clustered in the axils of the uppermost leaves of a 
flowering shoot; cupule formed from 8 -15 incurved fascicles 
of woody axillary branchlets, each terminating in a brush of 
numerous, sterile subulate bracts. Female flowers arranged 
on a central axis; pedicellate, pedicel 2 - 4 mm long, subtended 
by a narrowly lanceolate-subulate floral bract. Perianth 10 mm 
long, narrowly ampullaceous, the limbs tapering terminally, 
becoming equally recurved at anthesis. Anthers vestigial. Style 
8 mm long, densely lanate proximally, obliquely and abaxially 
bilobed at apex. Ovary ovoid, very densely covered with long 
straight hairs. Fruits obovoid, 6 mm long, 4 mm wide, with 
4 prominent vertical ridges, the 2 median ridges fringed with 
long white cilia; reticulately ridged elsewhere. 
Diagnostic characters: A. cancel/ata may be distinguished 
by the acicular (only very rarely linear-spathulate) leaves 
0,5 - 3 mm wide and by the reticulate surface of the fruits. 
The specific epithet clearly refers to this latter character, having 
been derived from the Latin adjective cancel/atus meaning 
'latticed' . 
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Although it is now practically extinct in the Cape Peninsula, 
A. cancel/ata is still abundant in the lonkershoek, Hottentots 
Holland and Kogelberg Mountains. The absence of this species 
from the Swartberg above Caledon and the Riviersonderend 
range, where there are many habitats eminently suitable for 
A. cancel/ata, is very curious. Insufficient collecting could be 
advanced as a reason for this apparent absence, but, as the 
region is relatively well collected, this cannot be regarded as 
an adequate explanation. Populations on the Groot Swart-
berg, Outeniqua and Kammanasie and Kouga Mountains, at 
the most easterly margin of its distribution range, are charac-
terized by having longer, straighter and more slender leaves 
than the western populations. 
In exposed habitats, the growth habit of A. cancel/ata is 
generally sprawling and procumbent, with a dense interlocking 
branch system, rarely exceeding 500 mm in height, while in 
moist, sheltered localities, a sparsely branched, erect growth 
habit, with long, straight stems is developed. Dense stands 
may occur but it is usually found in small, scattered groups, 
at elevations ranging from sea level to 1200 m. Flowering takes 
place from November to February (Figure 15). 
Specimens examined 
-3318 (Cape Town): Table Mountain (- CD), lan., Burchell 527 (K, 
NY); Upper lonkershoek valley ( - DD), female, March, Rourke 740 
(NBG); lakkalsvlei, lonkershoek, H.e. Taylor 5611 (PRE). 
-3320 (Montagu): Voormansbosch (- DD); male, Oct., Zeyher 3634 
(SAM). 
-3321 (Ladismith): Lower part of the Langebergen at Garcias Pass 
( - CD), Dec., Burchell 6951 (BOL, K, S, SAM); Hills above Lang-
fontein (- DD), Aug., Muir 2336 (female) and 340 (male) (SAM). 
-3322 (Oudtshoorn): Lower slopes of Swartberg near De Hoek ( - AC), 
luI., Marshall 300 (NBG); Hillside above Robinson Pass (- CC), 
female, Sept., van Niekerk 104 (BOL); Summit of lonkersberg, male, 
May, H.e. Taylor 25 (BOL); Kammanasie Mountains (- DB), lan., 
male, Zinn s.n. (SAM 54408); Southern slopes of Outeniqua Mountains 
on Witbakensberg (- DD), 1 an., Vlok 896 (NBG). 
- 3323 (Willowmore): Prince Alfred's Pass (-CA), lan., Fourcade 
2480 (K, BOL); Near summit of Prince Alfred's Pass, female, Oct., 
Rourke 614 (NBG); Gouna Forest Reserve, Knysna (- CC), Dec., H.e. 
Taylor 1055 (NBG); Concordia, Knysna, lan ., J.D. Keet (STE 13064); 
Kouga Mountains, peak east of Smutsberg ( - DB), Nov., Esterhuysen 
6986 (BOL, NBG, PRE). 
-3418 (Simonstown): Inter saxa mont stellaris prope Muisenberg 
( - AB), Ecklon 1226 (K, PRE); Steenberg, 0,4 km NE of Muizenberg 
waterfall, lan., A . Hall s.n. (BOL); Steenberg plateau, lan., A. Hall 
s.n. (NBG 51560); Steenberg plateau, May, P. Roberts s.n. (BOL); 
Rocky slopes at Gordons Bay (- BB), Nov., Parker 4302 (female) and 
4291 (male) (BOL, NBG); Kogelberg, at the summit, Feb., Rourke 321 
(NBG); Platberg, Palmiet River mountains ( - BD), April, Andreae 866 
(PRE, STE). 
-3419 (Caledon): Lebanon Forest Reserve (- AA), Nov., Kruger 247 
(PRE, STE); Highlands (- AB), Nov., Compton 12289 (NBG); Paarde-
berg, above Kleinmond, Nov., Rourke 981 (NBG); Knoflooks Kraal 
and Little Houw Hoek, Zeyher 3419 (PRE). 
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